INTRODUCTION
THE two-spot ladybird, Adalia bipunctata, is polymorphic for a number of black, melanic forms and red, non-melanic forms. They are under the genetic control of at least 12 alleles, with melanics dominant to nonmelanics. Several different selective factors probably determine their relative frequencies which vary between populations in different environments (Muggleton, 1978) . But this putative selection will not necessarily give rise to a balance of forces that would maintain the polymorphism. In a recent paper, however, Muggleton (1979) reported data showing frequency-dependent mating of the melanie and non-melanic forms. This sexual selection would certainly be sufficient to maintain the polymorphism in melanism. Frequency-dependent mating inevitably occurs if some individuals, usually females, prefer to mate with particular phenotypes (O'Donald, 1973, 1 977a, I 977b) . In a polygynous organism in which a certain number of matings are always preferential, the preferred individuals necessarily mate more often when they are rare since a relatively greater proportion of individuals prefer them.
Preferences expressed for more than one phenotype always produce a balance of mating advantage at a point of stable equilibrium. Alternatively, the frequency-dependent mating can be balanced by natural selection acting against the preferred phenotype; but to reach a point of balance, the mating advantage at low frequency must outweigh the adverse natural selection. Mating preferences may not be completely expressed; on the contrary, they may be expressed partially depending on the chances of encounter with the preferred individuals. An individual may encounter a number of possible mates who do not possess the preferred phenotype and finally mate at random regardless of the mate's phenotype. Models which allow for this partial expression of preference give rise to a reduced level of frequency-dependence in the mating advantage of the preferred types: individuals are less likely to be encountered at lower frequencies; preferences in their favour are less often expressed; the proportion of preferential matings is reduced; and being rare is less of an advantage. Even so, stable polymorphisms are still the general rule in these models (O'Donald, 1978a, l978b ).
In the most general model of the expression of mating preference (O'Donald, 1978a (O'Donald, , 1979 , females with preferences mate at random if they fail to encounter a male they prefer after n successive encounters with courting males: after the n unsuccessful encounters, they mate with the next male regardless of his phenotype. This leads to the following probabilities of mating when a dominant phenotype (A) and a recessive (a), at frequencies 1 -wand w, are the objects of the preference (O'Donald, 1978a):
P(a) = In this model, a proportion o prefer to mate with A, a proportion /3 prefer to mate with a, and the remainder, 1 --/3, mate at random. An equilibrium is established at the phenotypic frequency
For values of n> I, the polymorphic equilibrium is stable (O'Donald, 1978a (O'Donald, , 1979 . Clearly, as n-÷ cc, we have in the limit w = fl/(+fl) This is the phenotypic equilibrium frequency when mating preferences are completely expressed. Muggleton (1979) collected random samples of ladybirds noting the morphs of copulating pairs. The sexes can be distinguished because the male is carried on the female's back during copulation. Similar samples had been collected in Potsdam by Meissner (1 907a, I 907b, 1909) . Muggleton carried out two tests of significance on the data: one for assortative mating; the other for differences in the frequencies of melanics in mating and nonmating individuals. In testing for assortative mating, it is necessary to separate the samples according to the frequency of the melanic morphs: since this frequency varies widely between the samples, the overall data would show a spurious assortment of the phenotypes. However, a test of the overall significance of the data can be carried out by calculating probabilities for the data of mating pairs in each of Muggleton's six frequency ranges. Then Fisher's combination of probabilities test gives x2 = l3682 for 12 degrees of freedom, corresponding to a level of Significance at the probability P = 0322. This confirms Muggleton's conclusion that the data provide no evidence for assortative mating of melanic and non-melanic phenotypes.
FREQUENCIES OF MATINGS OF LADYBIRDS
The numbers of melanics and non-melanics in mating pairs are very significantly different from their numbers among non-mating individuals. Muggleton (1979) calculated the cross-product ratio:
no. of non-melanie individuals no. of melanics in mating pairs no. of melanie individuals no. of non-melanics in mating pairs
The log of this ratio has a negative slope when plotted against the frequency of melariics showing that the melanics' mating success is relatively greater at lower frequency. At high frequencies of melanics, the non-melanics gain the selective advantage. These results show a frequency-dependent advantage of the rarer morph similar to the " rare-male effect" so exten-sively studied in laboratory experiments with Drosophila (for example, see Petit, 1954; Ehrman, 1967 Ehrman, , 1968 Ehrman, , 1972 Spiess, 1968; Ehrman and Spiess, 1969; Petit and Ehrman, 1969; Spiess and Spiess, 1969; Spiess and Ehrman, 1978) . This suggests that Muggleton's data may fit the same models of mating preference that O'Donald (l977a, 1978a) fitted to Ehrman and Spiess' data on Drosophila. Among the ladybirds, however, the rarer phenotypes of both sexes possess a similar advantage: sexual selection seems to operate with similar intensity on both males and females. The frequencies of matings of melanics and non-melanics do not differ significantly between the sexes. But this is not altogether surprising. Ladybirds are highly promiscuous. Females need to copulate many times to fertilise all the eggs they lay: presumably they must compete for males, just as the males compete to fertilise them.
RESULTS OF FITTING THE MODEL TO THE DATA
Suppose that inelanic and non-melanic ladybirds mate at frequencies given by the expressions for P(A) and P(a) as shown in the introduction to this paper. Then a will be the preference for melanics and the prefer- Each sample Consists of the four classes of individual: mating and nonmating, melanie and non-melanic. If the marginal totals in each sample are considered to be fixed totals, then this implies that the maximum likelihood estimates of m and w have already been fitted to the data of each sample. Each sample then has I degree of freedom left for the estimation of the parameters a and fi for the preferences and n for the number of encounters. The expression for the log likelihood for each sample is based on the frequencies of mating and non-mating individuals of the two morphs as shown above. The parameters a, and n are then estimated as the values that maximise the sum of the log likelihoods for all samples. These estimates of the parameters are therefore overall estimates, based on the data of all samples. They are used to calculate the numbers expected in each sample according to the frequencies given by the model. Thus we calculate a residual x2 for the heterogeneity left in the data after the fitting of the model. in the original data. The matings in the Potsdam data seem to be almost independent of the population frequencies. The overall ratio of melanics to non-melanics in mating pairs is a close reflection of the ratio of the estimates of and fJ. This means that a great selective advantage is gained by whichever form happens to be at a low frequency. Thus in the frequency range 2O 1 -300 per cent, melanics were found to occur at an overall frequency of 02737 but were found to be mating at a frequency of 03667. Non-melanics at an overall frequency 07263 were mating at a frequency of 0'6333. The melanics therefore gained a selective advantage over the non-melanics in the ratio (ft3667/02737) : (06333/01263) or 1537 : 1. However, in the frequency range in which the melanics exceed 500 per cent, the non-melanics gained the selective advantage over the melanics in the ratio 1 P524 : 1. The approximate constancy in the frequencies of the morphs of mating individuals thus gives rise to sexual selection which is strongly frequency-dependent. The frequency-dependence in the selective advantage is less pronounced in the English data. The difference between the English and Potsdam data is clearly illustrated in fig. 1 
in
Muggleton's paper (Muggleton, 1979) . If the model of mating preferences is valid for the two-spot ladybird, then sexual selection will certainly produce the stability of the polymorphisms of melanics and non-melanics. Using the estimated mating preferences for the English data and the equation for the equilibrium frequency of the recessive phenotype with n = 4, we obtain the following equilibrium All these equilibria will be globally stable. The values may, however, be modified by the action of natural selection. It has been argued (see Muggleton, 1978 ) that melanics absorb solar radiation more efficiently and also that they may be more tolerant of atmospheric pollution. Variation in the selection caused by these factors would of course alter the position of the equilibrium, but its stability would still be determined by the frequencydependent sexual selection.
